A new framework for A(d, p)B reactions is introduced by merging the microscopic approach to computing the properties of the nucleon-target systems and the three-body n + p + A reaction formalism, thus providing a consistent link between the reaction cross sections and the underlying microscopic structure. In this first step toward a full microscopic description, we focus on the inclusion of the neutron-target microscopic properties. The properties of the neutron-target subsystem are encapsulated in the Green's function which is computed with the Coupled Cluster theory using a chiral nucleon-nucleon and three-nucleon interactions. Subsequently, this many-body information is introduced in the few-body Green's Function Transfer approach to (d, p) reactions. Our benchmarks on stable targets 40, 48 Ca show an excellent agreement with the data. We then proceed to make specific predictions for (d, p) on neutron rich 52,54 Ca isotopes. These predictions are directly relevant to testing the new magic numbers N = 32, 34 and are expected to be feasible in the first campaign of the projected FRIB facility.
Introduction.-Progress on the capability to produce rare-isotopes beams (RIBs [1] [2] [3] ) has pushed the exploration frontier into remote parts of the nuclear chart far from the valley of stability. The expectation that our traditional knowledge would be challenged as one treads through these exotic nuclear regions has been experimentally confirmed. A striking example is provided by the emergence of new magic numbers, i.e the number of nucleons that fill major shells. Magic numbers are one of the cornerstones of nuclear structure, and nuclei with magic numbers of proton and/or neutron display a larger stability compared to their close neighbors. A recent example is the experimental evidence of new doubly-magic features in the short-lived 52, 54 Ca [4] [5] [6] .
Nuclear reactions play a key role in the experimental study of nuclei, offering a variety of probes allowing to extract complementary information about the structure of the systems under study. Within this context, onenucleon transfer reactions such as (d, p) are the probe of choice to obtain information about the nuclear response to nucleon addition (single-particle strength) as a function of energy, angular momentum and parity. By comparing experimental data to theoretical predictions, reaction cross sections can also be used as a tool to inform, validate and refine theoretical structure models. But, in order to extract unambiguous information from reaction observables, it is essential to integrate consistently the structure theory in the reaction formalism. This is the main objective of this Letter.
Albeit some recent works to describe (d, p) reactions ab initio [7, 8] , for most cases of interest one usually relies on the reduction of the many-body problem to a few-body one where only the most relevant degrees of freedom are retained [9, 10] . In this picture, the Hamiltonian is given as a sum of two-body effective interactions between the clusters considered. A standard approach to obtain the two-body interactions is to fit a simple local function (e.g., a Woods-Saxon) from experimental elastic scattering data on β-stable isotopes [11, 12] . As no explicit connection to an underlying microscopic theory is made, these potentials become less reliable and bring uncontrolled uncertainties as one considers systems further from stability. In the most common approaches in the field [9, 10] the (d, p) cross section is factorized into a single-particle reaction term (which accounts for the dynamics of the process) and a spectroscopic factor (which relates to the probability of a certain orbital configuration in the final state). Unlike cross sections, spectroscopic factors and potentials are non-observable quantities [13] [14] [15] [16] . They depend on the model and the representation used to compute them [17] . Unless they are calculated consistently within a same framework, serious calibration issues in the theory could appear. This is likely to become even more problematic when moving toward uncharted territories of the nuclear landscape. One must then strive to compute all inputs to the few-body problem consistently.
In this letter, we introduce a framework that merges the developments in obtaining the microscopic effective interactions from coupled cluster (CC) theory [18, 19] and the Green's Function Transfer (GFT) reaction theory for (d, p) on medium-mass nuclei [20, 21] . In this merged framework, the structure content of the target and the nucleon-target effective interactions are consistently computed (with the CC approach), resulting from the same underlying many-body Hamiltonian.
The CC method has been shown to provide an accurate description of low-lying spectra and properties of nuclei with closed (sub-)shells and their neighbors [22] [23] [24] [25] . We will employ the NNLO sat interaction [26] derived from chiral effective field theory, which provides an accurate description of masses and radii in a wide massrange. This last feature is critical for our approach, since a proper reproduction of the distribution of nuclear matter, and, more specifically, nuclear radii, are essential to give an accurate account of reaction observables.
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At variance with standard reaction models, the GFT formalism can accommodate arbitrary structure calculations of the (A + n) system [20, 21] . It also allows for a coherent description of the population of states in the (A + n) energy spectrum below and above the particle emission threshold.
To benchmark this new approach (which we will denote as CC-GFT), we apply the method to (d, p) on the doubly magic stable Ca isotopes 40 Ca and 48 Ca, for which there is abundant data. We then make predictions for (d, p) on the short-lived 52,54 Ca, given the recent experimental interest. Precision measurements of nuclear masses for 52 Ca [4] and 2 + excitation energies for 54 Ca [5] have suggested that these nuclei are also doubly-magic.
This Letter is organized as follows. We begin by summarizing the CC-GFT approach. We then demonstrate the applicability and reliability of the method by benchmarking our calculations with experimental data measured on the stable isotopes 40, 48 Ca, and proceed to make predictions for the (d, p) transfer cross sections on the exotic Calcium isotopes 52,54 Ca. Method.-Within the GFT approach [20, 21] , the (d, p) cross section is obtained as the solution of a few-body problem where the target A, the proton, and the neutron, are the elementary degrees of freedom. In this picture, the interactions are given in terms of two-body potentials namely (i) nucleon-target potentials for the n − A and p − A subsystems and (ii) a p − n interaction. Finally, a further assumption is made: the initial incoming deuteron+target state is projected onto the asymptotic elastic channel [27] .
We are interested in the population of the ground state of the A + 1 system. The n − A potential and the associated single-particle Green's Function which enter the GFT equations (see Eqs 1, 2) are computed at the energy E = E A+1 gs , the relative energy of the ground state in A + 1 with respect to the ground state in A. Within the CC framework used to calculate them, all A+1 nucleons of the n-A system are active and the (intrinsic) many-body Hamiltonian is expressed as the sum of kinetic terms, Coulomb and nuclear interactions among the nucleons. The nuclear part of the Hamiltonian is given by the chiral-EFT interaction NNLO sat which consists of a nucleon-nucleon (N N ) and three-nucleon forces (3NF) and has been shown to provide an accurate description of masses and radii in a wide mass-range, and in particular for 40 Ca and 48 Ca [26, [28] [29] [30] [31] . First, we calculate the Green's function G ccsd (E) at the coupled-cluster singles and doubles (CCSD) approximation, that is, within a two-particle two-hole (2p−2h) space above the HartreeFock configuration. By construction, the poles of the particle part [32] of G ccsd (E) correspond to the energy E = E A+1 of the A + 1 system, solutions of the particleattached equation-of-motion (PA-EOM) coupled-cluster method [33] . The optical potential V by G ccsd (E) [18, 19] . This potential is non-local and energy-dependent and, for scattering energies, also complex, the imaginary component accounting for the loss of flux due to absorption into channels other than the elastic channel. For E < 0, the spectrum of V ccsd n−A (E) is the discrete set of bound state energies of the A + 1 nucleus,
gs ) are then used in the GFT equations (1) and (2) 
where µ p (µ d ) is the proton (deuteron) reduced mass and k p (k d ) the proton (deuteron) momentum and r (r ) is the relative n-A coordinate. We have introduced in Eq.
(1) the breakup density amplitude
where |χ p (|χ d ) is the proton (deuteron) elastic scattering solution of the potential
Both U d and U p (which is a function of the p − (A + 1) coordinate) are obtained from phenomenological fits to elastic scattering data. In the future it is our intention to compute these effective interactions microscopically, enpar with the neutron-target input. Using, for instance, the Feshbach projection formalism [35, 36] , U d could be derived from the n − A, p − A and p − n potentials. This is beyond the scope of the current work.
Note that since the ground state in A has 0 + spin and parity, G ccsd and V ccsd n−A conserve angular momentum, and only the component with the spin and parity J π of the ground state of A + 1 contribute to Eqs. (1) and (2) . As in previous GFT applications, the intrinsic deuteron wavefunction |φ d is obtained as the solution of an swave Woods-Saxon potential which reproduces the radius and binding energy of the deuteron [20, 21] . The left round bracket in Eq. 1 indicates that the integration is performed over the proton coordinates only.
A comment is in order here. The CC calculations are performed in the laboratory coordinates [18, 19] whereas the Green's function and the n − A potentials appear in the GFT equations (1,2) as functions of the relative coordinate r = r n − r A (r n , r A are the laboratory coordinates of the neutron and the center of mass of the target A, respectively). In Eq. (1) and 2, both quantities are implicitly identified to the CC outputs G ccsd (E) and V ccsd n−A (E) calculated in the laboratory frame. This introduces a small error (estimated in the next section) in the computed (d, p) cross section which is a decreasing function of the target mass A [37] .
Results.-The CC calculations are performed with the same inputs and model spaces as in [19] . We work in a mixed basis of single particle (s.p.) Hartree-Fock states expanded either within the harmonic oscillator shells or the Berggren basis [38, 39] , depending on the partial wave considered. Working within the Berggren ensemble provides a natural extension of the CC formalism into the complex-energy plane [24, [40] [41] [42] and allows to compute (weakly) bound and unbound solutions of the coupled-cluster equations (see also [43] [44] [45] [46] for the use of Berggren basis in the context of configuration-interaction approaches). The g.s. in 41 Ca, 49 Ca and the exotic 53 Ca, 55 Ca are particle bound. Solving the CC equations in the Berggren basis then ensures that the radial behavior of the n − A potential is properly accounted for any value of the separation energy E A+1 gs . The s.p. basis contains harmonic oscillator shells such that 2n+l ≤ N max along with a discretized set of Berggren states. While we show results for different N max , we fix the number of discretizedBerggren shells at N sh = 50, known to be sufficient for convergence [18, 19] . The NNLO sat interaction includes two-body and three-body interaction terms [26] . In all calculations, the maximum number of quanta allowed in the relative motion of two nucleons (N 2 ), and three nucleons (N 3 ), are equal to N max , except for the most extensive calculations considered here, where N 2 = 14 and N 3 = 16. We use the normal-ordered two-body approximation for the three-nucleon force term, which has been shown to work well in light-and medium mass nuclei [47, 48] . The optical potentials U d and U p for 40, 48 Ca(d, p) are taken from [49] . By design, they reproduce deuteron and proton elastic scattering on the 40, 48 Ca targets. Since no experimental data for elastic scattering on the exotic 52 Ca and 55 Ca is available, the parameters for U d and U p are taken in these cases from global systematics [50, 51] .
The results for 40 Ca(d,p) 41 Ca and 48 Ca(d, p) 49 Ca at E d = 10 MeV are shown in Fig. 1 as a function of N max along with the computed ground state energy in 41, 49 Ca. The converging pattern of the cross section is non-monotonic as N max increases, and the calculated angular distributions for the largest model space i.e. N 2 /N 3 = 14/16 are close to the data (see Fig. 1 ). We want to emphasize here that the CC computation of the inputs for the few-body GFT equations have no free parameters.
For the largest model space, both nuclei are underbound at the PA-EOM level by ∼ 500keV ( 41 Ca) and ∼ 600kev ( 49 Ca) with respect to the experimental values E = −8.36 MeV ( 41 Ca) and E = −5.14 MeV ( 49 Ca). By adjusting the energies to the experimental data while keeping all other inputs fixed (we use G ccsd and V ccsd n−A calculated at N 2 /N 3 =14/16) we obtain a remarkable agreement with the experimental data (see the curve with triangles in Fig. 1)[52] .
The quality of our results hinges on i) the reproduction of bulk properties of nuclei (such as the charge radius, which is reflected in the radial extension of the n-A potential) by the chiral NNLO sat interaction, ii) the consistent calculations, within the CC, of the Green's function and n-A potential and iii) the integration of these quantities in the reaction framework by means of the few-body GFT equations. The remarkable agreement with data strongly suggests that we have established a reliable connection between the microscopic structure content of the populated state in A+1, encoded here in G ccsd and V ccsd n−A , and the (d, p) cross section.
The difference between the center of mass coordinates used in the GFT equations (1) and (2) and the laboratory coordinates used in CC introduces a small uncertainty in the calculation of the (d, p) cross section as discussed before. We estimate it by comparing the resulting difference in the cross sections when a shift ∆ is added to E A+1 gs while keeping all other inputs fixed in the GFT equations. We take ∆ = E Fig. 1 for more details) .
energy for the "mass-shifted" nucleus A [53] . This shift amounts to a 1/A effect, and for 40 Ca, ∆ = 190 keV. This results in a small difference (< 4%) in the 40 Ca(d, p) 41 Ca cross section at the θ CM ∼ 40% peak, smaller than the experimental error bars (see Fig 1) .
Encouraged with the good results obtained on the stable Ca isotopes, we make predictions for the (d, p) cross section with the unstable (although particle-bound), neutron-rich 52 Ca and 54 Ca, for which experimental evidence of shell closure has been reported [54] . Recent measurements have shown an increase in the charge radius of 52 Ca (reproduced by CC calculations with NNLO sat ) with respect to what is expected for a double magic system [29] . The required beam intensity for these experiments is expected to be achieved at FRIB from its first day of operation. The ground state energies for 53, 55 Ca are otherwise known (E = −3.46 MeV for 53 Ca and E = −2.60 MeV for 55 Ca), to be compared with the N 2 /N 3 =14/16 PA-EOM calculations (E = −3.15 MeV for 53 Ca and E = −1.76 MeV for 55 Ca). The results are shown in Fig. 2 . The difference between the experimental and computed energies in 53 Ca is ∼300 keV whereas it is ∼ 820 keV for 53 Ca. This results in a larger difference between the 54 Ca(d, p) 55 Ca cross sections calculated with the PA-EOM energy and the experimental value.
Conclusions.-We take in this Letter an important step towards the development of a consistent microscopic theory for (d, p) reactions in medium-mass nuclei. Within a many-body framework where all nucleons are active, we compute the Green's functions and n-A optical potentials in the CC approach, with the two-and three-body NNLO sat interaction. The (d, p) cross section is then obtained by integrating the CC calculations in the GFT few-body formalism. We thus fundamentally depart from standard reaction formalisms: in our approach, the observable cross section is reproduced from the consistent calculation, as enforced by the Dyson equation, of two non-observable quantities, namely the Green's function and the n-A optical potential. We obtain converged results in good agreement with available data for 40, 48 Ca, and show that the quality of the calculation can be improved further by adjusting the energy of the populated ground state to the experimental value. CC calculations have been successful in reproducing the experimental findings regarding the exotic isotopes 52,54 Ca, around the N = 32, 34 recently found closed shells. The formalism presented here allows for the integration of these CC calculations in the reaction framework, and enable predicting (d, p) reactions on 52,54 Ca, which are expected to be feasible in the near future at the new FRIB facility.
